AREAS of the Australian mainland subject to persistent winter snow are restricted to the southeastern corner where the Snowy Mountains and the Victorian Alps contain about 2350 km 2 of land with a minimum of 60 days of snow cover per winter (Green and Osborne 1994) . There are five species of small terrestrial mammal found in this area (Green and Osborne 1994) . The mountain pygmy-possum (Burramys parvus) hibernates and has been the subject of a number of studies (reviewed in Mansergh and Broome 1994) , whereas the other four species are active throughout the winter. These four consist of two rodents, the tooarana or broad-toothed rat (Mastacomys fuscus) and bush rat (Rattus fuscipes), and two insectivorous marsupials, the dusky antechinus ( Antechinus swainsonii) and agile antechinus ( A. agilis -formerly A. stuartii -see Dickman et al. 1998) . The two species of Antechinus occur in forest, woodland and heath from sea level, westward to above the snowline (1530 m) and treeline (1830 m) in the Snowy Mountains (Green and Osborne 1994) . Both species are sexually dimorphic, with males weighing more than females, and both show a decline in body mass with increasing altitude (Dickman et al. 1983) . Antechinus swainsonii is found to an altitude of about 2200 m and is largely diurnal in the mountains, being active for about eight hours each day (Green and Crowley 1989) . Antechinus agilis may be found to altitudes exceeding 2000 m although it is less common than A. swainsonii above the snowline (Dickman et al. 1983; Green 1988) . Despite this, A. agilis appears to be more cold-tolerant than A. swainsonii and is mainly nocturnal (Green and Crowley 1989) .
The examination of the response of marsupials to cold has tended to be from a physiological rather than ecological perspective, usually in the laboratory, generally to determine whether responses to cold are similar to those found in eutherians. For example, Wallis (1979) reviewed the responses of small marsupials to low temperature, concentrating on nonshivering thermogenesis, daily torpor, brown adipose tissue and metabolic and insulative changes with season. In a general review of responses to cold, Sealander (1972) also included metabolisation of fat reserves to decrease energy intake, and communal nesting. Non-shivering thermogenesis has been recorded for A. swainsonii (Gotts 1976) and A. agilis (as A. stuartii -Wallis 1977) , however, the heat is not generated by brown adipose tissue which is apparently lacking in marsupials (Wallis 1979) , or at least not demonstrated (Nicol et al. 1997) . Antechinus agilis also enters torpor, but with high critical arousal temperatures of 18 -21°C (Wallis 1976), whereas the evidence for A. swainsonii is equivocal; Wallis (1979) quotes Gotts (1976) as support for the argument that it does not, whereas Geiser (1994) quotes the same source (and a minimum body temperature of 28.2°C) as a source for classifying it as entering torpor. Insulation, and mass-specific values for conductance in summer and winter are significantly different for both A. swainsonii (Gotts 1976) and A. agilis (Wallis 1977) . The main reason for this is a change in characteristics of the fur, and Green (1988) showed significant increases in hair length in both Antechinus species from summer to autumn/winter in the Snowy Mountains.
Autumnal body mass reduction has not previously been reported for marsupials as part of a general strategy to combat winter conditions beneath the snow. Fuller et al. (1969) suggested that the fall in mean body mass of small mammal populations in autumn and winter 'will prove to be a universal feature of the biology of subnivean forms'. They nominated three processes to explain autumnal body mass reduction within populations of Holarctic microtines including death of the oldest, cessation of growth of the youngest and individual declines in mass. For Antechinus spp. the number of possible causes of mean population body mass loss is reduced. Excluding females surviving to a second year, all animals in the population are of identical age, differing by only a few days in their date of birth because of the high degree of synchrony in reproduction above the winter snowline (Dickman et al. 1983) . The presence of what is essentially a single cohort due to the life history strategy of Antechinus spp. makes it easier to interpret autumnal changes in mass. However, the problem of tracking individual animals through this time of high mortality (pers. obs.) is still a problem with Antechinus.
Due to difficulties in trapping the same individuals throughout winter, the present study therefore examines annual changes in body mass at the population level and at the individual level concentrates on autumnal mass changes. These changes are considered in the more common species of Antechinus, A. swainsonii, in a nival environment.
STUDY AREA AND METHODS

Climate
The autumnal microclimate encountered by small mammals in the Snowy Mountains is quite variable up until snow cover is established. Rain and snowfalls alternate with deep frosts, causing the formation of needle ice on bare ground, and screen temperatures may fall to as low as -23°C before snow cover is properly established. In most years there is reasonable thermal stability beneath the snow with subnivean temperatures usually in the range 0 to -2°C (Green 1998; Happold 1998) . However, in shallow snow and with many holes in the snow cover Green (1998) recorded subnivean temperatures as low as -8°C.
Mass
Animals were trapped live in Eliott traps measuring 32.5 x 9.0 x 9.5 cm (Eliott Scientific Equipment, Melbourne) using a bait of oatmeal, peanut butter and honey. The mass of individually marked A. swainsonii was measured on the first capture within a trapping session by spring balance to the nearest 0.5 g, with that of the sympatric eutherian R. fuscipes measured to the nearest gram. The masses of 12 individual A. swainsonii were compared between April and May, and the masses of five individual A. swainsonii that lost mass in this period and were recaptured in mid winter were compared. The masses of A. swainsonii last caught in April and those caught for the first time in May were compared, and the mass of A. swainsonii last caught in April was compared to the mass of 12 individual A. swainsonii caught in both April and May.
RESULTS
Female A. swainsonii exhibited a loss of body mass at the population level from March to May which continued to August. However, due to the confounding effect of the loss of lighter animals from the population in April/May, the trend in mass for males is flattened (Fig. 1) . The impact of autumnal body mass loss is, however, evident in individuals compared between April and May. There was a significant loss of mass (p < 0.0001) for individual male A. swainsonii caught in both April and May and for both sexes combined (p = 0.0005) but not at the population level (Table 1) .
There was, however, no significant difference in the body mass of A. swainsonii last caught in April and those caught for the first time in May either for males (p = 0.75), or females (p = 0.26) ( Table 1 ). The body mass of male A. swainsonii in April was significantly less (t = 2.181, p < 0.05, df = 17) for those caught last in April (47.4 ± 4.5 g) than those subsequently caught in May (51.4 ± 3.0 g) (Table 1) . However, there was no significant difference (t = 0.583, p = 0.57, df = 15) in the mass of male A. swainsonii in May that were caught in April and May (45.3 ± 4.1 g) and those caught in May for the first time (46.7 ± 5.7 g) ( Table 1 ). There were too few data to make similar comparisons for females.
The five individual A. swainsonii (three males and two females) that lost mass in autumn and were recaptured in mid winter (July-August) had a significant gain in mass of 5.0 ± 2.5g (t = 4.385, p < 0.05, df = 4). Individual R. fuscipes occupying the same habitat as A. swainsonii above 1600 m and caught in both April and May were significantly heavier (p = 0.0002) in May than April (Table 1) .
DISCUSSION
The findings reported here extend the phylogenetic spectrum in which autumnal body mass reduction, as a general response to seasonally snow-covered environments, is known to marsupials, in addition to rodents and insectivores. This raises questions about how such an adaptation has arisen in widely disparate groups. Although the suggestion by Fuller et al. (1969) of the universality of falls in mean body mass of subnivean mammal populations in autumn and winter has not been fully realised, the adaptation has been found in a number of taxa in different areas.
There is now an extensive literature on autumnal body mass changes with most winter-active small mammals in northern nival regions losing mass (Dehnel 1949; Mezhzherin 1964; Merritt 1984) while others exhibit a cessation of growth (Bergstedt 1965) with still others actually gaining mass (Merritt 1986; Nagy 1993) . In the Snowy Mountains, Carron (1985) found that the mass of M. fuscus, also increased over autumn and In the present study, individual R. fuscipes were significantly heavier in May than April.
The discovery of autumnal body mass loss has led to the study of the causes and sites of the loss. In shrews, changes in mass occur in the skull, brain, The use of radioactive tracers (Green and Crowley 1989) has eliminated the latter two from consideration in A. swainsonii, the loss being mainly in lean mass but the site of the loss is yet to be elucidated.
The proximate cue for autumnal body mass loss may include temperature, photoperiod and food (Merritt and Zegers 1991) . Wilson (1977) found that captive A. swainsonii, fed ad libitum and subject to seasonal changes in photoperiod similar to those in the Snowy Mountains, but without the low temperatures, increased in mass from Ap ril to June. Dickman (1989) also found that supplementary feeding of A. agilis in the wild at 800m altitude near Canberra (and therefore with similar photoperiod but without the low temperatures in the Snowy Mountains) resulted in an increase in mass between March and May. In the Snowy Mountains, the mass loss in A. swainsonii follows the initial depression in food availability in March and April which was due to a general reduction in numbers of most invertebrate types (Green 1989 ), but also occurred at a time of decreasing temperature and photoperiod.
Three questions can be asked about the trends documented here: 1) why is there a reduction in body mass in autumn? 2) if a low mass is advantageous in winter why should an animal increase mass above its wintering mass in summer and then lose it in autumn? and 3) how is mass gained in winter after an autumnal loss? The first question has attracted most attention with the consensus being that mass loss results in a lowering of food requirements in winter and hence foraging time are reduced (Mezhzherin 1964; Merritt 1995) . Alternatively, small mammals faced with increasing cold and a reduction in food supply redirect energy to maintenance metabolism rather than maintenance of, or growth in mass (J.F. Merritt pers. comm.).
Changes in mass in shrews can be in the order of 53% (Merritt 1995 ) compared to 12.3% here. Merritt (1995 reported that the high figure may be in part due to the incorporation of different cohorts into the mean population mass for any particular month, a problem not encountered in the present study. Churchfield (1990) found a much lower mass loss of common shrews ( Sorex araneus) in the milder climate of Britain compared to Poland and Finland. Heikura (1984) also found with S. araneus that animals from 'worse' habitat are lighter and go through a greater mass reduction in winter than animals in 'better' habitat. Antechinus swainsonii from the Snowy Mountains are lighter than conspecifics at lower, milder altitudes (Dickman et al. 1983) although still larger than shrews. Smaller mammals are more likely to suffer food stress during periods of shortage because of their higher massspecific metabolic rates and inability to store large amounts of fat to tide them over (French 1985; Bartholomew 1986) . Fat amounts to only 4.5 -7.5% of the body mass of S. araneus in the wild (Churchfield 1990) compared to 15.0% for A. swainsonii in June in the Snowy Mountains (Green and Crowley 1989) .
There was no significant difference in the mass of A. swainsonii last caught in April and those caught in May for the first time. Because these animals caught first in May have presumably already lost mass, then heavier animals appear to be replacing lighter ones in the population. This is supported (in males at least) by the fact that animals that go through an autumnal mass reduction from April to May are significantly heavier than animals that are last captured in April, but are not significantly different in mass to those first caught in May. This points to the possible reason for the greater mass being to survive the cold periods of autumn before the snow cover has built up to the hiemal threshold (Pruitt 1984) . In the absence of snow to modify the micro-environment, survival might be easier for heavier animals. The advantages in being small in winter relate to an animal in the milder microclimate beneath the snow. If there is no snow cover then the advantage is lost to a large extent and the advantage lies with being heavier. Because of the need to lose mass for a subnivean existence, only those that have it to lose (i.e., heavier animals) are able to survive the autumn, which in the Snowy Mountains is a time of high mortality for A. swainsonii (pers.obs.).
All individual A. swainsonii that lost mass in autumn and were recaptured in mid winter had gained mass. This autumnal mass loss, therefore, occurred at a higher food availability than did the winter mass increase (Green 1989) . Tast (1972) found the winter mass of root voles ( Microtus oeconomus) to be correlated with the amount of available food, and Merritt (1986) also ascribed an increase in winter mass of short -tailed shrews (Blarina brevicauda) to a high availability of prey. The pattern of mass loss in autumn/early winter and regaining the mass in winter as reported here has also been documented for the tundra redback vole (Clethrionomys rutilus) (Sealander 1966 , Fuller et al. 1969 , and for the boreal redback vole (C. gapperi) the graph of seasonal mass change is virtually indistinguishable from that of A. swainsonii (see Merritt and Zegers 1991) . This pattern suggests two different reasons for mass loss: an obligate cessation/loss in autumn, followed by either a continued decrease in mass in times of reduced food supply or an increase as conditions ameliorate beneath the snow pack. Because the autumnal mass reduction occurs before snowpack formation, it is independent of changes of mass in winter.
The finding of autumnal mass reduction in A. swainsonii which extends from sea level to above the treeline on the same latitude (Green 1988) opens the possibility of studying this phenomenon along a gradient of increasing climatic harshness. An investigation of the morphological site of mass loss within A. swainsonii would make an interesting contribution to the understanding of the evolutionary convergence of eutherians and marsupials in response to seasonally snow-covered environments.
